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Abstract
We discuss modification in the rapidity distribution of the transverse energy flow as a
signal of medium-induced partonic energy loss in ultrarelativistic heavy ion collisions. A
scan of the global energy flow and jet rates in the wide rapidity region might provide the
important information about the pseudo-rapidity size of a dense medium created in heavy
ion collisions at the LHC.
1Contribution to the CERN Yellow Report on Hard Probes in Heavy Ion Collisions at the LHC.
Among other effects originated by medium-induced parton energy loss one may expect a
observable modification in the rapidity distributions of the transverse energy flow and charged
multiplicity, dET /dη, dE
γ
T /dη, and dnch/dη [1, 2].
Indeed, an indication is found for ultrarelativistic energy domain concerning the appearance
of a wide bump in the interval −2 <∼ η <∼ 2 over a pseudo-rapidity plateau of such distributions
due to jet quenching. Figure 1 demonstrates the evolution of the effect with Pb−Pb collision
impact parameter variation (HIJING [3] prediction for the LHC energy,
√
s = 5.5A TeV). One
can see that even peripheral Pb−Pb collisions show the effects of energy loss with the central
enhancement still evident at impact parameters up to 12 fm. Since jet quenching due to final
state re-interactions is effective only for the mid-rapidity region (where the initial energy density
of minijet plasma is high enough), very forward rapidity region, |η| >∼ 3, remains practically
unchanged. A scan of collisions of different nuclear systems provides an additional test of
jet quenching. Because smaller nuclei require a shorter transverse distance for the partons to
traverse before escaping the system, the central enhancement due to energy loss decreases with
system size as obvious from the comparison with and without energy loss. Note that although
the effect has only been shown here for the global ET distributions dET /dη, qualitatively the
same picture is seen when neutral or charged particle production is studied instead of ET .
The greater the medium-induced energy loss, the more transverse energy is piled up at
central η values, leading to an increase in energy density or ”stopping” in the mid-rapidity
region, in contradiction to the assumption of nuclear transparency. It is interesting to note that
the qualitatively same results shown in figure 1 can be obtained using VENUS generator [4] and
Parton Cascade Model VNI [5], in spite of the physics of the VENUS nucleon rescattering or
VNI parton rescattering modes is very different than that of the radiative energy loss mechanism
in HIJING. This may be due to the fact that the many kinds of nuclear collective effects like
final state re-interactions are effective forms of ”nuclear stopping”.
One can consider rapidity spectrum of jets or high-pT products of jet fragmentation (the lat-
ter case has been discussed for RHIC energy in a paper [6]). The pattern of rapidity distribution
of only hard jets (say, at EjetT > 100 GeV) is expected to be rather opposite to that for global
dET /dη spectrum. Since jet quenching due to in-medium parton energy loss (more exactly, the
part of energy loss which is outside the definite jet cone size, see for discussion [7, 8]) is strongest
in mid-rapidity, the maximal suppression of jet rates as compared to what is expected from in-
dependent nucleon-nucleon interactions extrapolation can be observed at central rapidity, while
the very forward rapidity domain remains again almost unchanged. Thus analyzing the corre-
lation between rapidity distributions of global energy (particle) flow and hard jets, by scanning
the wide rapidity region (up to |η| ≤ 5 under acceptance of CMS experiment [9]), might provide
the important information about the pseudo-rapidity size of dense QCD-matter area.
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Figure 1: Normalized differential distribution of the total transverse energy dET /dη over pseudo-rapidity
η for 10.000 minimum bias Pb−Pb collisions at √s = 5.5A TeV for various impact parameters. The two
cases are included: with jet quenching (top histogram) and without jet quenching (lower histogram).
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